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Overview
• PHENIX Detector Evolution
• sPHENIX Midrapidity/Forward Upgrades
• Gaseous Detectors
• Micro Pattern Gas(eous) Detectors MPGD
• MPGD Readout
• Possible Applications

– PHENIX Detector Evolution
– sPHENIX Midrapidity/Forward Upgrades
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2000 2003 2007 2008

PHENIX: Detector Evolution

In almost all runs: central tracking system included
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PHENIX: Detector Evolution
 Central Tracking system:

 Drift Chambers (DC)
 Pad Chambers (PC)
 Time Expansion Chamber (TEC)

 Tracking system's age > 10 years

 Based on wire chambers

 Requires regular program of maintenace and 

repair
 e.g. replacement of one of the 16 PC1 

modules; major servicing to West PCs
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PHENIX: Detector Evolution
Central Tracking system still in good condition  
for future runs →→ options are being considered 
to:

 Maintain high level of operating efficiency

 Improvement of overall tracking performance

Options are:

 Additions to the central tracking system

 Replacement of wire chambers with GEM 

detectors



Dec. 15, 2010
PHENIX Dec. Decadal 

R&D WSKlaus Dehmelt 6

sPHENIX: Tracker Upgrades
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sPHENIX: Tracker Upgrades



Dec. 15, 2010
PHENIX Dec. Decadal 

R&D WSKlaus Dehmelt 8

sPHENIX: Midrapidity Upgrades

Material budget, electronic readout requirements and costs:
Technology option could be gaseous detectors like

Micro Pattern Gas Detectors (MPGD)

High segmentation and spatial resolution:
Improvement of momentum resolution for higher momentum 

tracks, ability for background rejection, identification of 
decays.
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sPHENIX: Forward Upgrades

Rather large area to be covered;
material budget, electronic readout requirements and costs:
Micro Pattern Gas Detectors (MPGD) will be perfect solution

Keep integrated radiation length to a minimum to avoid 
bremsstrahlung as much as possible;

good position resolution for tracks at low angles
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Gaseous Detectors
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Gaseous Detectors
• Why to use Gaseous Detectors

– Good spatial resolution
– Fast and big signals
– dE/dx
– High rate capability
– Flexible and convenient detector configurations
– Low material budget
– Large and cost friendly area coverage

Fabio Sauli:
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Gaseous Detectors
• Gaseous detectors at LHC:

LHCb:LHCb:
Tracker with strawsTracker with straws

Muon Detector with Muon Detector with 

MWPC/GEMMWPC/GEM

ATLAS:ATLAS:
TRD with strawsTRD with straws

  Muon Detector with drift tubes Muon Detector with drift tubes 
(MDT)/thin gap chamber (TGC)/(MDT)/thin gap chamber (TGC)/
resistive plate chambers (RPC)resistive plate chambers (RPC)

CMS:CMS:
Muon Detector with drift tubes/Muon Detector with drift tubes/
cathode strip chambers (CSC)/cathode strip chambers (CSC)/
resistive plate chambers (RPC)resistive plate chambers (RPC)

TOTEM Tracker with GEMTOTEM Tracker with GEM

ALICE:ALICE:
MWPC TPC as main trackerMWPC TPC as main tracker

TRD with strawsTRD with straws

Muon Detector withpad chambers/Muon Detector withpad chambers/
resistive plate chambers (RPC)resistive plate chambers (RPC)

TOF with MRPCTOF with MRPC
HMPID with RICH-pad chamberHMPID with RICH-pad chamber
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Wire Structure Gaseous Detectors
Various improvements, however:

• Basic diffusion processes and 
space charge effects → σ ≥ 100 
µm
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Wire Structure Gaseous Detectors
Various improvements, however:

• Basic diffusion processes and 
space charge effects → σ ≥ 100 
µm
• Gain of MWPC starts dropping 
at rate ≥ 104  Hz mm-2  → loss of 
detection efficiency
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Wire Structure Gaseous Detectors
Various improvements, however:

• Basic diffusion processes and 
space charge effects → σ ≥ 100 
µm
• Gain of MWPC starts dropping 
at rate ≥ 104  Hz mm-2  → loss of 
detection efficiency
• Mechanical difficulties to 
produce sub-mm wire spacing

Limit with digital readout and wire 
spacing s:



Dec. 15, 2010
PHENIX Dec. Decadal 

R&D WSKlaus Dehmelt 17

Wire Structure Gaseous Detectors
Various improvements, however:

• Basic diffusion processes and 
space charge effects → σ ≥ 100 
µm
• Gain of MWPC starts dropping 
at rate ≥ 104  Hz mm-2  → loss of 
detection efficiency
• Mechanical difficulties to 
produce sub-mm wire spacing
• Ageing concerns



Dec. 15, 2010
PHENIX Dec. Decadal 

R&D WSKlaus Dehmelt 18

Micro Pattern Gaseous Detectors
• Modern photo-lithographic technology → novel Micro-Pattern 
Gaseous Detectors (MPGD) concepts are overcoming cell size 
limitations
• Pitch size a few hundreds of µm
• Intrinsic high rate capability > 105 Hz/mm2

• Excellent spatial resolution ~30 µm
• Single photo-electron time resolution in ns-range

CAT, µCAT,
µGroove

µMegas

10 µm
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Micro Pattern Gaseous Detectors

Problem of MSGC: Rare but damaging discharges, Problem of MSGC: Rare but damaging discharges, 
and slow but continuous deterioration (aging) during and slow but continuous deterioration (aging) during 

sustained irradiationsustained irradiation
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Micro Pattern Gaseous Detectors
MicroMeMicroMesh sh GaGas s SStructure: Micromegastructure: Micromegas
Parallel plate multiplication in thin gapsParallel plate multiplication in thin gaps

between a fine mesh and anode platebetween a fine mesh and anode plate
Small gap Small gap  good energy resolution good energy resolution

Spatial Spatial 
resolution  resolution  
σσ  ~ 14 ~ 14 µµmm

Y. Giomataris, Y. Giomataris, 
NIM A376(1996) 29NIM A376(1996) 29

J. Derre et al, NIM A459 (2001) 523J. Derre et al, NIM A459 (2001) 523
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Micro Pattern Gaseous Detectors

MicroMegas
Funnel Effect

50-100µm

50-100µm
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Micro Pattern Gaseous Detectors

PCBPCB

Photoresist 1Photoresist 1

Photoresist 2Photoresist 2MeshMesh

UV

MaskMask
2 - 4 mm2 - 4 mm 50 - 100 50 - 100 µµmm

Pillar: Pillar: φφ 200 - 400  200 - 400 µµmm

Mini: 4 mmMini: 4 mm

I. Giomataris et al, NIM A560 (2006) 405I. Giomataris et al, NIM A560 (2006) 405

““Bulk” Micromegas: combined Bulk” Micromegas: combined 
assembly of grid and PCB:assembly of grid and PCB:

1) PCB1) PCB
2) Photoresistive film lamination (50 - 150 2) Photoresistive film lamination (50 - 150 µµm)m)
3) Mesh lamination (3) Mesh lamination (φφ 19  19 µµm 500 LPI)m 500 LPI)
4) Photoresistive film lamination (50 - 150 4) Photoresistive film lamination (50 - 150 µµm )m )
5) UV exposure through mask5) UV exposure through mask
6) Development (chemical solution)6) Development (chemical solution)
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Micro Pattern Gaseous Detectors
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Micro Pattern Gaseous Detectors
GGas as EElectron lectron MMultiplier: ultiplier: GEMGEM

Thin metal coated polyimide foil,Thin metal coated polyimide foil,
high density hole perforationhigh density hole perforation

F. Sauli, NIM A386(1997) 531
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Micro Pattern Gaseous Detectors

Fully decoupled:
charge amplification and readout 

structure
→

both can be individually optimized 

GEMs
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Micro Pattern Gaseous Detectors
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Micro Pattern Gaseous Detectors
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Micro Pattern Gaseous Detectors
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Micro Pattern Gaseous Detectors
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Micro Pattern Gaseous Detectors
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TRACKINGTRACKING
EFFICIENCYEFFICIENCY

uniform:uniform:

((εε > 95 %) > 95 %)

MICROMEGAS:MICROMEGAS:GEM:GEM:
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Micro Pattern Gaseous Detectors
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MPGD Readout
Gas Detector readout by means of multi pixel CMOS 

array:
Integrating detector and electronics

High rate particle tracking w/o ambiguity of multi-track/-hit 
events

VLSI ASIC (PISA) MediPix/TimePix
CMOS chip
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MPGD Readout
GEM and Very Large Scale Integration

VLSI

Six layers 0.18 µm CMOS technology with 
self-triggering capability

50 x 50 µm pixels with 470 pixels/mm2

Serial analog readout for each pixel
Noise ENC ~ 50 e- per channel
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MPGD Readout
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MPGD Readout
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MPGD Readout
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MPGD Readout
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Possible Applications
Large area detector development
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Possible Applications

Raw material

Single side Cu pattern

Chemical polyimide etching

Chemical Cu reduction

Overcome mask alignment problem
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Possible Applications
Single mask GEM: splicing
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Possible Applications
TOTEM Readout: mixed pad/strip RO-board
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Possible Applications

Within RD51
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J. Kaminski, Univ. of Bonn

Readout:
2 quadboards

(4 TimePix
Chips each)

Possible Applications
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J. Kaminski, Univ. of Bonn

Readout:
2 quadboards

(4 TimePix
Chips each)

Possible Applications
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Possible Applications
• PHENIX detector evolution upgrades with 

GEM-layers
– Possible additions to central tracking system 

between VTX and DC
– Replacement of existing wire chambers
– Cylindrical GEM electrodes ?

• rather large radii
– HBD type modules ?
– Readout: replacements reuse existing RO
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Possible Applications
• sPHENIX Midrapidity upgrades with GEM-

layers
– Cylindrical GEM electrodes ?

• Length and radii
– HBD type modules ?
– Readout

• Strips: lower number of RO channels, multiplicity
• Pixel: integrated CMOS

– Precision
• Strips ~ 100 µm
• Pixel < 100 µm

• TPC-like Drift detectors ?
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Possible Applications
• sPHENIX Forward upgrades with GEM-layers

– Circularly shaped detector
– Four layers each side
– Strip or pixel readout
– Size issues

Costs for GEM foils (based on ~$5k / m2):

~ $270k (Forward)
~ $170k (Midrapidity)
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Summary
• Development of MPGD rather advanced
• High flexibility and high performance
• High resolution
• Low material budget
• Attractive alternative to Silicon
• Solutions for PHENIX / sPHENIX upgrades to 

be studied
• R&D for large area implementation
• Significant GEM experience existing within 

PHENIX (HBD)
• Cost decreasing due to transfer of MPGD 

production to industry
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Possible Applications
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Possible Applications
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Possible Applications
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Possible Applications
At LHC:
• ALICE – THGEM photon-detector
• ATLAS – MicroMegas (muon)
• LHCb – GEM (muon)
• CMS - GEM (muon)
Elsewhere:
• JLAB – GEM and MicroMegas
• KLOE2 – GEM tracker
• ILC TPC – Micromegas and GEM
• ILC DHCAL – Micromegas and GEM
• PANDA – GEM tracker
• PHENIX and STAR – GEM tracker
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